A carbonaceous material deposited in a pipe of heavy oil treating equipment, and oil produced from heavy oil treating equipment were fractionated into three fractions consisting of n-heptane insoluble-toluene soluble material (HI-TS), toluene insoluble-quinoline soluble material (TI-QS) and quinoline insoluble material (QI). It was found that most part of the carbonaceous material deposited in a pipe of heavy oil treating equipment was TI-QS. A commercial hydrodesulfurization catalyst (HDS) and the used fluidized catalytic cracking catalyst with vanadium and nickel (FCC A) having high activity for hydrogenation exhibited lower TI-QS yield and lower ratio of TI-QS to QI, compared to those of fresh fluidized catalytic cracking catalyst with vanadium and nickel (FCC B).
Introduction
The projected worldwide shortage of conventional crude oil has focused attention on technology for producing clean distillates from atmospheric residue and vacuum residue. At high cracking conversion, problems encountered in processing heavy feeds are the formation of insoluble material in toluene (TI), coke deposition on catalysts and sludge in product oil1)-3).
In general, it has been known that the insoluble material in toluene is deposited in pipes and heat exchangers of commercial hydrodesulfurization equipment after a long time of process operation. The toluene-insoluble material (TI) is supposed to result in lowering of heat exchange-efficiency and to plug pipes, in drastic cases. It is very important, therefore, to investigate the characteristic natures of TI and to develop a new technology to suppress TI material.
In this study, a detailed investigation was made on n-heptane insoluble-toluene soluble material (HI-TS), toluene insoluble-quinoline soluble material (TI-QS) and quinoline insoluble material (QI) which were included in both the deposited material and in produced oil. Production of HI-TS, TI-QS and QI when commercial hydrodesulfurization catalyst (HDS) or commercial fluidized catalytic cracking catalysts poisoned with vanadium and nickel (FCC A, FCC B) were applied under hydrogen atmosphere in an autoclave, were also studied.
Since slurry-type processes consume greater amount of catalyst than what fixed bed processes do, we examined used fluidized catalytic cracking catalysts of lowest cost.
Experiment
A cake deposited in a pipe of 10 BPD slurry-type reactor during the hydrocracking of Arabian Heavy vacuum residue was fractionated with a series of solvents at room temperature. The produced oil was also analyzed. The TI material was observed under Hitachi S-800 scanning electron microscope.
The hydrogenation activities of various catalysts were tested vacuum residue as the feed. Every catalytic test was run for 1hr. The tested catalysts were a commercial hydrodesulfurization catalyst (HDS), a commercial used fluidized cracking catalyst (which was the catalyst sample withdrawn from a commercial equipment) containing 1.0wt% V-0.5wt% Ni (FCC A) and a commercial fresh fluidized cracking catalyst containing 1.0wt% V-0.5wt% Ni (FCC B) as revealed After burning the dried material consisting of n-heptane insoluble material and catalyst, the quantity of the catalyst was determined.
The amount of n-heptane insoluble fraction (HI) was determined by subtracting the catalyst weight from the measured weight of dried material. Toluene insoluble fraction (TI) and quinoline insoluble fraction (QI) were determined in the similar way. Furthermore, quantities of HI-TS, TI-QS and QI were calculated from these values of HI, TI and QI. Figure 1 shows the composition of deposited material collected in a pipe of a hydrotreating equipment.
Results and Discussion
At this time, the conversion was 60wt%. The conversion (wt%)=100 (1-(heavy products(g))/charge oil(g)). The greater part of the deposit was TI-QS, and the remaining parts were QI and HI-TS. Figure 1 also shows the composition of a toluene insoluble material in a product oil.
It's major component was also TI-QS. Mochida and coworkers have reported that sludge is produced through the hydrocracking of resin and light asphaltene fractions and dealkylation of heavy asphaltene, which had reduced their mutual solubility, leading to the sedimentation of the latter substances2). Figure 2 shows shows the amount of insoluble products when the three kinds of catalysts were used. A commercial HDS catalyst having a high hydrogenation activity showed the lowest amount of HI-TS and TI-QS. Butler and Snelson have reported that the gaseous mixed metal halide complexes such as Mo(AlCl4)x having high hydrogenating ability give many low-molecular-weight hydrocarbons on coal hydrogenation5). Song and coworkers have reported that molten catalysts having high hydrogenating and cracking ability show high oil yields and high conversion on coal hydroliquefaction6). Nakamura and coworkers have reported that free radicals are hydrogenated on Ni/active carbon catalysts during thermal cracking of atmospheric residue7).
From these observations, it can be understood that HDS and FCC A catalyst, having hydrogenation activity, suppressed TI-QS and QI formation. The amount of QI produced by the HDS catalyst (pore volume 0.63ml/g) was greater than that of FCC A (0.07ml/g). HDS catalyst of larger pore volume may carry more carbonaceous material which is not extracted with quinoline.
FCC B produced much larger quantity of HI-TS and TI-QS than FCC A. Table 2 shows a relationship between loading amount of V+Ni and cracking activities of the catalysts for n-hexane. Since Sinfelt and Yates have reported that silica-supported Ni, Fe and Os exhibited hydrogenolysis activity of ethane to methane, the catalytic tests being made by a pulse reaction method8),9). Fresh FCC catalysts had lower activities for methane formation, although their V+Ni contents were greater than those of used FCC catalysts. The fresh FCC catalyst of high activity reacts with vanadium and nickel to form inert compounds which are inactive for cracking reaction of n-hexane to methane, while regenarated FCC catalyst may maintain active form of metals.
A fresh FCC and a used FCC catalyst contained 4.0wt% V and 2.0wt% Ni as revealed by XPS. The 80ml/min, for 3hr in a continuous flow reactor, while XPS spectra showed that the used FCC catalyst had metallic nickel but the fresh FCC catalyst did not. The XPS spectra also showed that bonding energy value of V=0 on the used catalyst is lower than that of the fresh catalyst. The vanadium and nickel supported on the fresh FCC catalyst may stay inert for hydrogenation under the reaction conditions.
The catalysts of higher activity gave high ratio of TI-QS to QI. Hosoi and coworkers reported HI-BS (n-hexane insoluble-benzene soluble material) and BI-QS (benzene insoluble-quinoline soluble material) exhibited higher binding activity determined by the Roga test than QI10),11). More TI-QS may cause the adhesion of carbonaceous material.
In conclusion, it has been found that TI-QS is responsible for the plugging of hydrotreating equipment.
It is difficult to avoid plugging of pipes in hydrotreating equipment by fresh FCC catalysts with vanadium and nickel, even if slurrytype equipment are used. It is necesarry to use catalysts having high hydrogenation activity such as hydrodesulfurization catalysts or used FCC catalysts with vanadium and nickel to suppress TI-QS formation, even for slurry-type equipment. 
